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1. INTRODUCTION AND REVIEW OF LITERATURE 
Plant-parasitic nematodes are cosmopolitan and 
constitute substantial portion of soil biota. Practically 
there is no agriculture crop or for that matter any plant where 
one or the other nematode species is not damaging it, however, 
the documented information on this aspect is meagre. This is 
partly because organised efforts are still lacking in most of 
the countries especially in the developing countries. 
CROP LOSSES DUE TO NEMATODES 
Crop loss is defined as the difference between the 
attainable yield and the actual yield (Chiarappa, 1971). It 
is difficult, however, to determine the attainable yield 
because it depends on many cultural, environmental and p§st 
factors. Actual yield is more easily measured as that obtained 
under prevailing pest pressure i.e. with no protection. Crop 
loss due to nematode thus would be the difference that is 
directly or indirectly attributable to the presence of the 
nematode. Some workers, however, have attempted to estimate 
the magnitude of crop losses due to nematodes in terms of 
money. For instance, the yearly losses estimated by the 
United States Department of Agriculture (USDA) in 16 crops 
amount to ^ 372,335,000 (Taylor, 1967). Stapel (1953) 
estimated an average annual loss of 50,000,000 kroner 
(£ 2 1/2 million) resulting from Heterodera avenae in 
Denmark. Some other estimates of average annual losses due 
to nematodes range from 250 million dollars (liatchinson et_ al., 
1961) to 500 million dollars (Cairns, 1955). The Society 
of Nematologists Committee on crop losses led by Feldmesser 
(Anon, 1971) reported an average annual loss of | 159032693^ 
due to nematodes in 16 field crops, 23 fruits and nut crops, 
24 vegetable crops and all ornamental crops in U.S.A. 
Later, a similar Committee (Anon, 1987) with McSorley 
as it's leader has given a more grim picture about crop losses 
in the United State due to nematodes. 
In India it is not fully known as to how much the 
nematodes cause losses by way of damage to crops. However, 
van Berkum & Seshadri (1970) estimated the loss of J 10 million 
from 'Earcockle' disease caused by Anguina tritici in wheat 
and I 8 million due to 'Molya' disease cause by Meterodera 
avenae in Rajasthan State alone. Moreover, crop losses in 
coffee caused by Pratylenchus coffeae worth | 3 million was 
also assessed. 
Recently Sasser & Freckman (1987) have reviewed crop 
loss reports, and have expressed their opinion that crop 
losses due to nematodes on world wide basis exceed | 100 
billion annually. They are of the opinion that figures for 
actual crop losses might be at much higher level because at 
present little information is available with respect to crop 
losses in developing countries. 
NEMATODE MANAGEMENT STRATEGIES 
In order to minimize economic losses caused by nematodes 
in the a g r i c u l t u r a l crops, i t i s necessary to manage t h e i r 
population build-up below the threshold l e v e l . There are two 
main categories for management practices: chemical and 
non-chemical. In the chemical management, basically two types 
of chemicals are used: soil fumigants and non-fumigants. Soil 
fumigation began to be used extensively shortly after the 
introduction of DD in the early 1940s. Within few years EDB, 
DBCP and methyl bromide were formulated as soil fumigants. 
In the past ten years the US Environmental Protection Agency 
has judged that DBCP and EDB soil fumigants were unsafe and 
has suspended their use. DD is no longer manufactured. Non-
fumigant chemicals began to be field tested for nematicidal 
activity after the late 1950's. These materials, usually 
carbamates or organophosphates, are non-volatile. They have 
the advantage of relatively low phototoxicity. Many of them 
have good systemic activity against nematodes. 
Chemical control still remains to be one of the most 
outstanding methods in terms of immediate results, though the 
recent ban on DBCP has removed from the scene a popular 
nematicide which was easy to apply to the standing crop. 
Aldicarb which proved effective for general nematode control 
is not considered suitable because of its high toxicity and 
pollution problems especially after the Bhopal tragedy of 
1984. In general, the prohibitive cost of nematicides, 
difficulties in their application over large areas, the toxicity 
and residue hazards, etc. have all been discouraging factors 
in their wider adoption. This is more so under Indian 
conditions. 
Managing nematodes by non-chemical practices is very 
effective when right combination is used for the problem pest. 
It includes physical, cultural and biological means of control, 
Basically, cultural practices involve depriving the 
nematodes of suitable host and thereby reducing nematode popu-
lation by stryavation. There are many cultural practices used 
in nematode management. Probably the most common of these 
practices is crop rotation where most important factors to be 
considered are the host and the nematode or nematodes that are 
required to be managed. 
Fallowing of nematode infested field is practiced, as 
in crop rotation, to deprive the parasite of food for a given 
length of time. With summer fallowing, however,in addition 
to starvation, the nematode is also affected by soil desic-
cation and direct heat from the sun. But fallowing does not 
produce income for the grower. 
Flooding has been used as a method of nematode manage-
ment, however, tests with root-knot nematodes have shown that 
total land submergence for 1-2 years is required before 
nematodes are eliminated (Jenkins & Taylor, 1967). This again 
incur monetary losses to the farmer. 
Besides these, other important cultural practice is 
manuring with organic soil amendments (Singh & Sitaramaiah, 
1970; Good, 1972; Muller & Gooch, 1982). Farmers generally 
use plant and animal wastes in the form of compost and farm 
yard manure, green manures, crop residues, oil-cakes and 
meals, municipal refuse, and industrial byproducts. 
In the physical management strategies, heat therapy is 
one of the oldest methods of managing nematode population. 
Practically all plant-parasitic nematodes are killed at 
temperature, between 44 and 48°C (Christie, 1959). Soil 
heating and hot water treatment of infected plants are often 
employed to reduce damaging nematode populations (Jenkins, 
1960). Steam is a primary source for heat treatment of soil. 
Small quantities of soil may be put in a steam chamber or are 
autoclaved under pressure resulting in soil sterilization. 
Soil solorization, is a relatively recent technique to kill 
nematodes. Soil solorization is most effective when carried 
during the hottest season of the year (Heald & Robinson, 1987; 
La Mondia & Brodie, 1984). 
In the biological control several fungi, bacteria and 
sporozoans are known to reduce nematode populations under 
laboratory and green house conditions. 
Basically, different nematode management strategies 
have their own limitations, though to varying extent. However, 
there is scope of combining different control methods in a 
complementary manner (Oostenbrink, 1972). Thomson et^  al^ , (1983) 
is of the view that integrated pest management (IPM) would 
be the best strategy for nematode management, this should be 
aimed -
a) to utilize several compatible control techniques in 
combination, 
b) to maximize natural environmental resistance to plant-
parasitic nematodes, 
c) to apply specific and drastic control measures, only when 
necessary, 
d) to maximize profit to the grower with location and 
resource specific recommendations. 
The IPM concept evolved as a philosophy and technique 
to correct the damage done by indiscriminate use of chemical 
pesticides. Infact, IPM is not a simple integration of various 
management strategies but a system approach to reduce damaging 
potential of pests below the tolerance level, and it is done by 
using natural enemies, host resistance and environmental 
correction, and sometimes by using chemicals if it becomes 
extremely necessary, 
IPM concept is not a new one, as it is being practised 
in one way or the other since ancient times. However, the new 
concept which has been added to it, is the application of 
scientific experimentation for getting maximum economic 
benefits. In order to get maximum benefit it is necessary 
to have a complete and clear understanding of ecology and 
biology of crops, pest and their natural enemies. 
Similarly the integrated nematode management (INM) 
concept is aimed to achieve " economic injury threshold" which 
is highly dynamic concept. This aspect concerned with the 
population management, though it is abundantly necessary to 
consider the farmers interest also, Ferris (1978) has rightly 
suggested that the INM concept should be to maximize the 
nematode management. 
Various INM strategies have been tried in developed 
countries with varying degree of success (Webster, 1972), In 
India also such studies have been attempted (Ravichandra & 
Krishnappa, 1985) though these are basically empirical studies. 
However, they have atleast opened possibilities of combining 
different methods. 
ORGANIC AMENDMENTS IN NEMATODE CONTROL 
During 1940s and 1950s much attention was given to the 
use of nematicidal chemicals to combat nematode menance. This 
was more so in industrialy advanced countries. There were 
several reasons of these, viz., their nature of giving instant 
results and their easy availability in the developed countries. 
This, however, pushed the other methods of nematode control to 
secondary importance. But the recent discovery of environ-
mental problems due to these chemicals has triggered interest 
of scientists into some alternative nonconventional methods, 
such as the use of organic amendments, resistant varieties, 
rotation of crops, biological enemies of nematodes, etc. The 
topic of present dissertation concerned with the first aspect, 
a brief review of which is given below : 
Green Manuring 
Green manuring with legumes is a conventional practice 
with the Indian farmers in order to improve organic matter and 
nutritional status of the soil. Green plants are either grown 
in field and ploughed or directly incorporated to the soil 
and ploughed for manuring, Occasionaly these were found to be 
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nematicidal , Linford (1937) and Linford e t al., (1938) reported 
tha t chopped leaves of pine-apple were nematicidal when mixed 
with so i l infested with root-knot nematode, Duddington & 
Duthoit (1960) and Duddi^ngton e t al^. (1961) found reduction 
of ce rea l - roo t eelworm with the incorporation of chopped leaves 
of cabbage in to infested s o i l , 
Hutchinson ejt a l . (i960) noticed tha t population of some 
p l a n t - p a r a s i t i c nematodes e . g . , Hoplolaimus, Tylenchorhynchus 
and Pratylenchus spp. were s ign i f i can t ly lower in so i l where 
pieces of pumpkin were allowed to ro t compared with the r e s t 
of the s o i l . Pate l & Desai (1964) tes ted 5 crops for green 
manuring in root-knot (Meloidogyne sp . ) infested so i l and 
found Melilotus alba v a r . annua and Sorghum vulgare highly 
effect ive in reducing root-knot development. Singh (1965) 
used chopped leaves of karanj (Pongamia glabra) and noted tha t 
they were responsible for suppression of root-knot i n t e n s i t y . 
Application of a l f a l f a green manure in root-knot infested f ie ld 
was found to be good in nematode management (Mankau, 1968). 
Efficacy of green crop manure for reducing strawberry stem 
nematode in so i l was observed by Andreeva (1975). 
Application of d i f fe ren t p a r t s of neem (Azadirachta 
indica) were found to be effect ive in reducing several p l a n t -
p a r a s i t i c nematodes on d i f fe ren t hosts (Singh & Sitaramaiah, 
1967; Vijaylakshmi e t^a^ , , 1979; Ram & Gupta, 1980, 1982; 
Gokte & Swarup, 1988). 
Plant wastes of Tagetes luc ida , T. minuta and 
T. t enu i fo l i a resul ted in s ign i f i can t reduction of reniform 
nematode Rotylenchulus reniformis« stunt nematode 
Tylenchorhynchus brassicae, lance nematode Hoplolaimus indicus, 
spiral nematode Helicotylenchus indicus and filiform nematode 
Tylenchus filiformis on tomato and eggplant (Siddiqui & Alam, 
1988a), In a number of reports, marigold has been demonstrated 
as nematicidal on different hosts (Tarjan, 196O; Omidvar, 196I, 
1962; Winoto-Suatmadji, 1969; Yuhara, 1971a; Nakasono, 1973; 
Cohn & Mordechai, 1974; Chikaoka et al_., 1982; Ruelo, 1983; 
IJani & Mmbaga, 1988; Siddiqui & Alam, 1988b). 
Some wild plants such as Solanum xanthocorpum, 
Galotropis procera, Croton bonplandianum, Argemone maxicana, 
and Datura metal reduced the incidence of M. incognita and 
T, brassicae on eggplant (Alam, 1986). Alam (1987) reported 
that chopped plant leaves of some weeds when corporated into 
naturally infested soil, effectively suppressed population of 
plant-parasitic nematodes and improved growth of tomato, and 
he suggested that this type of management of phytonematodes 
was economical, easy and pollution-free. 
Green tops of many other cultivated and wild plants 
have also been found effective in suppressinjg the plant-
parasitic nematodes (Haseeb e_t al_., 1978b; Maqbool et_ al., 
1987). Haseeb & Alam (1984) reported chopped floral plant 
parts of Antirrhinum ma .jus. Brassica oleracea botrytis. 
Chenopodium murale, Goccinia cordifolia, Ficus elastica. 
Iresine herbstii. Lyeopersicon lycopersicum. Ricinus communis 
and Syzygium cuminii as good suppersants of plant-parasitic 
nematodes. Paruthi e_t al. (1987) reported that leaves of 
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su-babool a t d i f fe ren t degradation periods significantly-
reduced the root-knot incidence in okra. Some organic 
addi t ives were a l so found good nematode suppressants on 
d i f ferent host in the so i l (Van der Laan, 1956; Mankau, 1962 
Toaerlin &. Smart, 1969; Hameed, 1970; Mankau & Das, 1974; 
Haseeb e_t a l , . , 1978a). 
Crop residues 
Dry crop residues are a l so used as non-convential 
manures. In many cases these have been found to have 
nematicidal p r o p e r t i e s . Johnson (1959, 1962, 1963, 1971, 
1972) reported tha t every type of dried crop residue introduced 
in to so i l infested with root-knot nematode (Meloidogyne spp.) 
reduced the number of ga l l s per p l an t , the grea tes t control 
of nematodes was achieved when residues were l e f t for 30 days 
for decomposition. Later Johnson et_ a l . (1967) demonstrated 
t h a t when mature dried residues of lespedeza, a l f a l f a , oats 
and flax were incorporated to the f ie ld infested with 
Meloidogyne incognita , the incidence of root-knot of tomato 
was suppressed. 
Rye straw, r i ce straw, r ice husk, buck-wheat hu l l , 
cocoabean h u l l , orchard grass , timothy hay, lucerne p e l l e t s , 
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and cotton-wate have been found to reduce the population of 
d i f ferent p l a n t - p a r a s i t i c nematodes (Mankau & Minteer, 1962; 
Mountain & E l l i o t t , 1962; Sayre et_al_., 1964; Patr ick & 
ToussoiM, 1965; Patr ick e t al_., 1962; Miller & Wihrheim, 1966; 
Sayre ejb al_., 1965; Tomerlin & Smart, 1969; Gaur & Prasad, 
1970; Yuhara, 1971b; Ducusin & Davide, 1972; Sikora e_t a l . , 
1973; Miller et_ al^., 1973; Johnson & Shamiyeh, 1975; 
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Egunjobi, 1977; Badra et_ al^ ., 1979; Egunjobi, 1985). Prasad 
et al. (1987) reported biotoxicity of testa of groundnut 
against Meloidogyne incognita. 
Industrial by-products 
Cellulose & Hemicellulose amendments : In the paper industry 
large amounts of hemicellulosic wastes are generated following 
alkaline and bisulfite treatments of wood to release the 
cellulose. The hemicellulosic wastes are disposed of as an 
economic manure. These have caused significant control of 
plant-parasitic nematode (Huebner e_t al., 1983). The controll-
ing effect of hemicellosic waste has been demonstrated by 
Miller & Wihrheim (1966) and Culbreath et, a^. (1985). The 
addition of chopped paper into soil reduced the population 
of Pratylenchus penetrans (Huebner et al_., 1983). Miller & 
Edgington (1962) and Miller et al. (1968) reported that 
cellulose amendment reduced both larval emergence as well as 
eggplant root invasion by the larvae of Heterodera tabacum. 
Sawdust : Total sawdust waste in the country from saw mills 
and plywood manufactures is estimated at about 2.2 million 
tons per annum. It has limited scope to be used as organic 
manure but it has good liquid absorbing capacity. Recently, 
it has been suggested for the control of plant-parasitic 
nematodes. Singh e_t al_, (1967) and Singh & Sitaramaiah (1967, 
1971a,b) applied sawdust in okra and eggplant and Srivastava 
et al. (1971) in tomato and eggplant and observed significant 
reduction in the intensity of galls on those crops. 
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Oilcakes and tfeals : Oilcakes are generally rich in manurial 
ingredients such as nitrogen, phosphorus and potash. Oilcakes 
takes about a week to ten days for decomposition after applica-
tion. They have been found more effective in moist soils during 
wet weather than in dry soils during dry weather. Oilcakes 
like castor, groundnut, cotton seed, mustard, mahua, rapeseed, 
neem and karanj have been used to control many plant-parasitic 
nematodes, through some of them have other uses too, 
Lear (1959) reported a reduction in root-knot nematode 
(Meloidogyne .lavanica) and sugar beet nematode (Heterodera 
schachtii) populations as well as in root galling on tomato 
when the soil was amended with castor pomace. Reduction by 
100% of Tvlenchulus semipenetrans by Mankau & Minteer (1962) 
and T, semipenetrans and Meloidog7ne spp. by Mankau (1963) 
has been achieved by similar treatments. 
Singh et al. (1986) reported that sawdust alone was more 
effective in reducing nematode population but showed phyto-
toxicity. However, sawdust in combination with oilcakes gave 
reduction in nematode population as well as better growth of 
plants by Kushwaha et_ al_, (1983). 
In India during the last two decades, several workers 
have carried out experiments on the efficacy of oilcakes in 
controlling root-knot damage on tomato, eggplant, okra and 
chilli (Singh, 1965; Singh & Sitaramaiah, 1966, 1971a; 
Gtoswami & Swarup, 1971; Srivastava et_ aJ^ ., 1971; Alam et_ al., 
1980). Singh & Sitaramaiah (1966) claimed that the root-knot 
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on tomatoes grown after okra, can be checked by residual 
effect of oilcakes in the same field without further amend-
ments. Similar results were also obtained by Alam et_ al. 
(1977c). 
Oilcakes were also found to suppress the root-knot 
development and population of other parasitic nematodes on 
vegetables and perenneal crops (Khan et al^ ., 1966, 1969, 1973f 
1974a,b, 1979; Alam & Khan, 1974; Alam et. al., 1977a,c; 
Siddiqui et al.., 1976; Zaiyd, 1977; Sitaramaiah, 1978; 
Bhatnagar et^  al.., 1978; Trivedi et. aj., 1978; Desai et al_., 
1979; Singh e^ a]^., 1980a,b, 1983; Mian et a2^ ., 1982b; 
Janeh & Lamberti, 1983; Bora & Phukan, 1983; Hasan & Jain, 
1984a; Jagdale et. al.., 1985; Alam & Ashraf, 1986; Sundararaju & 
Koshy, 1986; Verma, 1986; Krishna Rao et. al^ ., 1987; 
Bhattacharya & Goswami, 1987, 1988; Acharya & Padhi, 1988). 
Ismail et^  al. (1976) reported that all oilcakes tested 
were equally effective on different varieties of tomato against 
a number of plant-parasitic nematodes. Alam ejb al^ . (1977c) 
noted that oilcakes of castor, mustard, neem and groundnut 
and two nematicides, viz., DD and Nemagon were equally effec-
tive against the population of Hoplolaimus indicus, 
Tylenchorhynchus brassicae, Tylenchus filiformis and 
Meloidogyne incognita on tomato, potato and radish. Alam (1976) 
in a comperative study has proved that oilcakes were equally 
effective in two different seasons of India summer and winter, 
and also in two different soil types one with high organic 
content and pH at 8.4 and another with low organic content 
and DH at 7.7. 
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Nematodes associated with cerea ls and legumes were 
reduced by o i l cakes on mung and wheat (Prasad e_t a l . , 1972; 
Mathur & Prasad, 1974; Mishra & Prasad, 1974; Sharma e t a l . . 
1981; Vijaylakshmi & Prasad, 1982). 
Khan et_ al_. (1976) and Alam e t al_. (1977a) reported 
t h a t oi lcakes were a l so effect ive in control of phytophagus 
nematodes In nurser ies of perenneal p l a n t s , v i z . , grewia, 
papaya, pomegranate, mango, black-berry, lemon-bougainvillia 
and rose . Alam (1976) found s ign i f ican t control of phyto-
nematodes with oilcakes in the nurser ies of vegetables l ike 
tomato, eggplant and chilli. 
i 
The toxicity of water solube-fractions of oiled and 
deoiled cakes and their distillates were found effective on 
different nematodes (Khan et_ al_., 1966, 1974c; Deshmukh & 
Prasad, 1969; Rao & Prasad, 1969; Mishra & Prasad, 1973; 
Sitaramaiah et al^ ., 1974; Pillai et_ al., 1974; Alam e_t al_., 
1982; Husain et al_., 1984; Gosawami & Vijaylakshmi, 1987). 
Alam et_ al_. (1982) have found that nemato-toxicity of water 
soluble fractions (WSF) increased with increasing decomposition 
period. 
Seed treatment with neera o i l cake caused reduction in 
nematode ga l l s (Singh et_ a l . , 1980a; Vijaylakshmi & Goswami, 
1986). 
Alam et_ al_. (1977d, 1980) have demonstrated tha t the 
p lan t s grown in oilcake amended s o i l , acquired some res is tance 
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against the attack of Meloidogyne incognita and Tylenchorhynchus 
brassicae. This was also supported by Sitaramaiah & Singh 
(1978), Krishnan & Vaitheeswaran (1984) reported that in the 
infected plants subjected by three different increasing dosages 
of the oilcake, there was a decreasing amount of free amino-
acids. Chemical analysis of oilcakes showed that the maximum 
number of free aminoacids were present in groundnut cake 
followed by neem, mahua, mustard and castor oilcakes (Singh 
et a]^., 1983). 
Walker et al. (1967) demonotrated reduction in 
population of P, penetrans in soil amended with soybean and 
cornmeal. 
: When sugarcane baggase was applied at different 
dosages without predecomposition to field before planting 
tomatoes at 4000 kg/ha, there was 22% reduction in galling; 
while 100-150 days after planting the reduction was 90% in 
number of Meloidogyne spp. (Sikora et_ al_., 1973). 
Molasses : Rodriguez-Kabana & King (1980) concluded that the 
application of mixtures of blackstrap molasses with urea into 
soil resulted in improved control of M. arenaria. 
Miscellaneous amendments 
Oil amendment : Several vegetable oils such as corn oil, 
cotton seed oil, groundnut oil and soybean oil when applied to 
soil at the rate of 1% (w/w) have been found to reduce 
population of Pratylenchus penetrans; corn oil was most 
effective (Walker et_ al., 1967). Similar results were also 
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obtained with vegetable oils (Miller, 1979). Sangwan et al. 
(1985) reported nematicidal activity of essential oils of 
cymbopongon grasses. 
Livestock waste ; J^ rm yard manure (FYM) and cattle urine 
have been found to reduce nematode population (Adenijl,1977). 
In India, it has a vast traditional use by farmers in field, 
besides a large chink of cowdung being consumed as fuel. 
Encouraging the use of FYM probably will not only have some 
check on nematodes but also reduce the dependence on ferti-
lizers. 
Mankau & Minteer (1962) observed that the steer manure 
and chicken manure reduced the citrus nematode Tylenchulus 
semipenetrans. Use of animal manure for the control of 
Rotylenchulus reniformis on Vigna unguiculata and cotton has 
been reported by Castilo (1985). Kushwaha e_t al_. (1983) 
reported that the reduction of root-knot on tomato with the 
use of cattle urine is less than that obtained with urea. 
Bene & Taccont (1973) studied pig faeces manure and 
horse faeces manure in controlling D. dipsaci on beans. 
Poultry manure gave significant reduction of Meloidogyne 
incognita population on Jute (Bora & Phukan, 1983) and on 
tomato (Ghindo & Khan, 1986) and of other nematode populations 
(Derrico & Maio, 1980). 
Chitin amendment : The addition of chitin to soil for control 
of root-knot nematode Meloidogyne spp. and other plant-
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p a r a s i t i c nematodes have been reported on d i f ferent hosts 
(Mankau, 1963; Mankau & Das, 1969, 1974; Saka, 1978; Mian 
e t a l« , 1982a; Godoy ejt al^,, 1983; Rodrigeuz-Kabana e;t a l . , 
1983, 1984; Spigel & Chet, 1985; Gupta, 1986). 
The appl ica t ion of c h i t i n alone and in combination 
with hemicellulosic waste and oi l -cakes not only declined the 
population of p l a n t - p a r a s i t i c nematodes but a lso reduced the 
phytotoxic e f fec t s of c h i t i n (Gulbreath et_ al_., 1985). 
Miller et_ al_, (1973) concluded t h a t the Tylenchorhynchus dubius 
and Pratylenchus penetrans were reduced more quickly when so i l 
was amended with c h i t i n alongwith hemicellulosic wastes. 
Bone meal and horn meal s Bone meal i s chi-efly used as 
phosphatic f e r t i l i s e r , Alam et. s a . (1977b) found tha t the 
population build-up of Hoplolaimus indicus, Helicotylenchus 
indlcus, Rotylenchulus renlformis, Tylenchorhynchus brass icae , 
Tylenchus f l l i fo rmis and Meloidogyne incognita were ef fec t ively 
suppressed by the appl ica t ion of bone meal in 12 d i f ferent 
crops. Similar r e s u l t s were obtained by amending the so i l 
with horn meal (Alam, 1976). 
Sewage-sludge amendment : Besides the necessi ty of sewage 
farming from point of view of u t i l i z a t i o n of the resources, 
i t i s a l so an effect ive method to control p l a n t - p a r a s i t i c 
nematodes and thus provide b e t t e r s an i t a t i on . Pfeald & Burton 
(1968) found organic ni trogen in the form of act ivated 
sewage-sludge more effect ive than ammonium n i t r a t e for reducing 
the population of Belonolaimus longicaudatus in t u r f g rass . 
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Tarjan (1977) observed that when composted municipal refuse 
was added to soil, having seedlings infected with 
T, semipenetrans or P. coffeae. plant weight increased than 
nonsuplemented controls. Thus this amendment proved highly 
nematicidal (Habicht, 1975; Saka, 1978; Derrico & Maio, 1980; 
Coosmans, 1982; Hornick et al., 1984; Duhaylongsod, 1988), 
Nematoxiclty of natural products 
Extracts from a number of plants or their parts with 
water or organic solvents and root leaching are known to 
contain nematicidal or nematostatic compounds (Miller et_ al., 
1973b; Sukul et.al,., 1974; Husain & Masood, 1975a,b; 
Egumjobi & Afolami, 1976; Lai ejtal,., 1977). Gommers (1973) 
has summarized literature on this aspect. 
Nene & Thapliyal (1966) reported that extract of 
Anagalis arvensis at 1:1 dilution killed all the larvae of 
Anguina tritici within 6 hours exposure and they did not 
regain their activity even after exposing to distilled water 
thereby indicating the effect of extract to be nematicidal, 
Abivardi (1971) tested the nematicidal activity of acetone 
extracts of nine Iranian plants at two dosage rates (40 and 
80 ppm) in soil against Meloidogyne incognita. Gommers (1971) 
reported that extracts of Helenium sp. and Gaillardia sp. 
were nematicidal iii vitro to Pratylenchus penetrans. 
Ditylenchus dipsaci and larvae of Heterodera rostochiensis. 
Sukul eit al. (1974) screened the extracts of fresh rhizomes 
of ginger (Zingiber officinale), bulbs of garlic (Allium sativum) 
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and pods of chilli (Capsicum annuum) (50g each in 200 ml of 
ethanol) against Meloidogyne incogaita and they found the 
rate of mortality at 89, 62, 61% respectively. Husain & 
Masood (1975b) reported that the e:xtracts of leaves, seeds or 
flowers of a large number of plants possessed nematicidal 
properties against Helicotylenchus indicus, Tylenchus 
filiformis and Tylenchorhynchus brassicae, Vijaylakshmi et_ ad. 
(1979) screened fifty indigenous plant products for their 
nematicidal property against Meloidogyne incognita at 1009^  
and 30% concentrations. Hundred per cent mortility of larvae 
was recorded with medar (Galotropis procera), bhangra 
(Bclipta alba), neem (Azadiracjta indica), dhatoora^bhang 
(Ganabis sativa) and pudeena (Mentha piperita). 
Chatterjee & Sukul (1980) exposed juveniles of 
Meloidogyne incognita to petroleum ether, chloroform and 
ethanol extracts of sundried leaves of Tragia involucrata, 
Peristrophe bicalyculata, and Acanthocephalus kadamba and 
found that the petroleum ether extracts of A. kadamba and 
Z» involucrata were the most nematicidal followed by the 
chloroform extract of P. bicalyculata. 
Mohammad ejt al_, (1981) reported that the extracts of 
leaves of Delphinium a.jacis. Urtica urens and Eminium intortum, 
flowers of Papaver rhoeas. fruits of Citrullus colycynthis 
^^^ ^nthium strumarium and seeds of Paganum hannala, Brassica 
arvensis, Lepidium draba and Cephalorla syriaca were 
nematicidal against Tylenchulus semipenetrans. Haseeb et_ al. 
(1982) reported significant nematicidal activity of the 
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aquous extracts of Mentha viridis, Emblica officinalis and 
Carrissa carandas against MeloldOffyne incognita larvae. 
Hasan & Jain (1984b) and Jain & Hasan (1984) tested aqueous 
extracts of fresh leaves, stem and shoots of Parthenium 
hysterophorus, Leucaena leucoceophala against Meloidogyne 
incognita and Helicotylenchus dihystera at different concen-
trations and found them toxic. 
Siddiqui et_ al_. (1984) reported that latex of Euphorbia 
nerifolia. E, tirucalli, Pedilanthus lithymaloides. Galotropis 
procera. Thevetia peruviana and Nerium indicum were highly-
toxic to Hoplolaimus indicus, Helicotylenchus indicus, and 
Tylenchus filiformis in vitro. 
Zureen & Khan (1984) reported that the latices from 
Galotropis procera, Nerium oleander. Euphorbia, caducifolia. 
Plumeria oblongifolio. Ficus religiosa, F, elastica and 
Thev€tia nerifolia were toxic to juveniles of M. incognita. 
Some other latex bearing plants have been reported to be 
nematicidal (Haseeb et^ al., 1984). 
Shoot parts of different Tagetes spp. have been found 
toxic to several plant-parasitic nematodes (Daulton & Curtis, 
1963; Swarup & Sharma, 1967; Miller & Ahrens, 1969; Toida, 
1972; Hackney & Dicke son, 1975; Alam et. a]^., 1975; Bakker 
eta]^., 1979; Rajvanshi et, a^., 1985). 
Castor (Ricinus communis) leaf extract were also found 
nematicidal against plant-parasitic nematodes (Nandlal & 
Bhatti, 1986; Dutt & Bhatti, 1986)., 
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The different parts as well as products of neem 
(Azadirachta indica) has been recognized as nematicidal 
against various plant-parasitic nematodes, (Thakur et_ al., 
1981; Anon, 1983; Vijaylakshmi et al., 1985; Devakumar et al«, 
1985; Siddiqui & Alam, 1985a,b). Oilcakes and leaf extracts 
of neem have greatly inhibited larval hatching of the root-
knot nematode and also caused high percentage of mortility of 
larvae (Alam et al., 1975; Husain & Masood, 1975a; Egunjobi & 
Afolami, 1976; Gowda & Setty, 1979; Larjewar & Shukla, 1986), 
Seed extracts of neem were also found deletarious to nematodes 
(Prot & Kornprobst, 1983). 
The aquous and methnol extracts of garlic (Allium 
sativum) caused hundred per cent kill of Aphelenchus saccharii 
and Tvlenchulus semipenetrans and many other nematodes 
(Nath et_ al^ ., 1982). 
Plant parts of Curcuma longa, Ipomea carnea. Fleurya 
interrupta, Peristrophe bicalyculata, Andrographic paniculata, 
Chenopodium ambrosioides. Cannabis sativa, Papavar rhoes, 
Solanum hispidum, Nicotiana tabacum, Withania somnifera, 
Melia azedirach, Helianthus armuus, Frasinus americana, 
Pachysandra terminis. Helenium sp., Digitaria decumbes, 
Azolla and Erythrine indica and other plants were tested 
against plant-parasitic nematodes and were found highly 
deleterious (Stessel & Sakkinen, 1961; Taylor & Murant, 1966; 
Gommers, 1971; Desai et, al_., 1973; Miller, 1978; Mukherjee & 
Sukul, 1978; Vijaylakshmi & Prasad, 1979; Mahmood et aj., 1979, 
1982; Garcia, 1980; Haseeb et. al^ ., 1981; Ghatterjee et. al_.. 
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1982; Nikure & Lanjewar, 1983; Tiyagi et^  al_., 1985; Bano et al_., 
1986; Bala et al_., 1986; Kumari et al., 1986; Thakur et_ al., 
1987; Davide & Rich, 1987; Mohanty & Das, 1988; Sharma & 
Trivedi, 1988; Georgi, 1988). 
INTERCROPPING 
There are several plants which are capable of reducing 
populations of plant-parasitic nematodes around their 
rhizosphere, e.g., marigold, mustard, asparagus, etc. (Brown, 
1982). These are called as enemy plants. Several workers 
have used these plants as mix-crops with susceptible plants in 
the hope to get nematode control. However, the results have 
been conflicting in some cases. Among enemy plants only those 
have been recommended which themselves have some economic value, 
so that there is no monetary loss to the farmers in adopting 
intercropping practices. 
Intercropping of marigold (Tagetes spp.) with okra, 
tomato, eggplant, and chilli have been proved very successful 
for reducing populations of plant-parasitic nematodes 
(Khan et_ a^., 1971; Alam et al.., 1977e). 
Siddiqui & Alam (1987a,b, 1988b) reported that 
_T. minuta, T_, lucida, T. tenuifolia in mix-culture, signifi-
cantly inhibited the root-knot development caused by 
Meloidogyne incognita on tomato and eggplant and reduced the 
multiplication of Rotylenchulus reniformis and Tylenchorhynchus 
brassicae on tomato eggplant, cabbage and cauliflower. The 
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growth of test plants also improved. 
Alam e_t aJ. (1976) reported that growing mustard and 
rocket-salad alone or alongwith wheat and bareley inhibited 
the population build-up of phytoparasitic nematodes. However, 
these oil crops did not improve the yield of wheat and bareley. 
The mixed cropping of margosa inhibited the population 
of plant-parasitic nematodes and root-knot development on 
tomato eggplant, cabbage and cauliflower (Alam et_ al,., 1977e). 
Siddiqui & Saxena (1987a,b) reported that seedlings 
of margosa/neem and persian lilac in mix-culture -with tomato, 
eggplant, cabbage and cauliflower reduced the multiplication 
of R. reniformis and T, brassicae and inhibited the root-
galling caused by M. incognita. A significant improvement in 
plant growth was also observed. 
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PLAN OF WORK 
It is evident from the above review that various 
organic soil amendments have been employed to manage plant-
parasitic nematodes. It is more so with respect to oilcake 
amendments. However, almost no work has been carried out on 
the integrated nematode management (INM) using organic 
amendments. Therefore, it is proposed to work on this aspect 
for my Ph.D. The plan of work is as follows : 
1. To study the effect of interculture of some crucifers such 
as mustard (Brassica spp.), rocket salad/duan (Eruca 
sativa) with susceptible crops, viz., potato, carrot, etc. 
under two tillage regimes (normal and deep ploughing) in 
field. 
2. To study the residual effect of the above treatments 
(of Exp, No. 1) on the population of plant-parasitic 
nematodes and plant growth of the following crops. 
3. To study the residual effect of the above treatments 
(of Exp, No.1) in combination with the soil application 
of plant residues of the crucifers, on the population of 
plant-parasitic nematodes and plant growth of the 
following crops. 
4. To study the effect of interculture of some compositae 
such as marigold (Tagetes spp.), sunflower (Helianthus 
annuus L.) etc. with susceptible crops, viz., potato, 
carrot, etc. under two tillage regimes (normal and deep 
ploughing) in field. 
5. To study the residual effect of the above treatments 
(of Exp. No.4) on the population of plant-parasitic 
nematodes and plant growth of the following crops. 
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6. To study the effect of the above tr^ eatments (of Exp, No.4) 
in combination with the soil application of plant residues 
of the compositae plants, on the population of plant-
parasitic nematodes and plant growth of the following 
crop, 
7. To study the effect of chopped leaves of neem/margosa, 
bakain/persian lilac, castor, etc, on the root-knot, 
reniform and stunt nematodes and plant growth of suscep-
tible crops in pots, 
8. To study the effect of chopped leaves of neem/margosa, 
bakain/persian lilac, castor, etc, on the population of 
plant-parasitic nematodes and plant growth of susceptible 
crops, e,g,, potato, carrot, etc, under two tillage 
regimes (normal and deep ploughing) in field, 
9. To study the residual effect of above treatments (of Exp, 
No,8) on the population of plant-parasitic nematodes and 
plant growth of the following crops under two tillage 
regimes (normal and deep ploughing) in field, 
10, To study the effect of non-edible oilcakes on the root-
knot^ reniform and stunt nematodes and plant growth of 
susceptible crops in pots, 
11, To study the effect of non-edible oilcakes on the 
population of plant-parasitic nematodes and plant growth 
of susceptible crops, e.g., potato, carrot, etc. under 
two tillage regimes (normal and deep ploughing) in field, 
12, To study the residual effect of above treatments (of Exp, 
No,1l) on the population of plant-parasitic nematodes and 
plant growth of the following crops under two tillage 
regimes (normal and deep ploughing) in field, 
13, To study combined efficacy of different treatments 
mentioned in the experiments 1 and 8 above, 
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14. To study the combined efficacy of different treatments 
mentioned in the experiments 1 and 11 above. 
15. To study the combined efficacy of different treatments 
mentioned in the experiments 4 and 8 above, 
16. To study the combined efficacy of different treatments 
mentioned in the experiments 4 and 11 above. 

2. MATERIALS AND METHODS 
MAINTENANCE OF NEMATODE CULTURES : 
The nematode cultures shall be maintained in micro-
plots on different susceptible crops. In the case of root-
knot nematode, a single eggmass will be collected from the 
infected roots of tomato and placed on small course sieve 
(1mm pore size), fitted with moist tissue paper and placed 
in 10 cm diam, petridish containing sterilized water. The 
second stage juveniles, which will be hatched out, will be 
collect alongwith water from petridishes after every 24h. 
Fresh water will be added to petridishes each time after 
withdrawing the nematode suspension. This process will be 
repeated upto 5-7 days. These second stage juveniles will 
serve as the initial inoculum of the root-knot nematode, and 
will be used for inoculating the seedlings of tomato 
(Lvpersicon lycopersicum L.) cv. Pusa Ruby which will be 
grown in concrete microplots containing sterilized soil-manure 
mixture. The inoculum will be maintained on tomato or eggplant 
(Solanum melongena L.) cv. Pusa Purple Long in microplots by 
repeated inoculations with the juveniles obtained from plants 
of the same microplots. The nematode species will be ascer-
tained by preparing and examining the perineal pattern of 
the female from which the first eggmass was collected. 
In case of reniform (Rotylenchulus reniformis Linford & 
Oliveira) and stunt (Tylenchorhynchus brassicae Siddiqi) 
nematodes, soil samples will be collected from heavily infested 
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fields from around the roots of castor (Rlclnus communis L.) 
or cabbage (Brasslca oleraceae var, capltata L.)/caullflower 
(B. oleraceae var, botrytis L.) respectively. The nematodes 
will be isolated by using Cobb's sieving and decanting method 
alongwith modified Baermann funnel technique (Southey, 1986). 
From these suspensions specimens of reniform and stunt nematodes 
will be picked separately with the help of picking device of 
Khan et al_, (1972). These nematodes will serve as the initial 
inocula and will be used for inoculating their respective 
hosts (Castor for R. reniformis and cabbage/cauliflower for 
T. brassicae) which will be grown in concrete microplots filled 
with sterilized soil-manure mixture. In case of T. brassicae 
tomato or eggplant will be use during periods when cabbage/ 
cauliflower could not be grown. Soil from these microplots 
will be processed for obtaining the inocula of these nematodes 
for use in different experiments. 
POT EXPERIMENTS : 
Sandy loam soil, which is commonly found in Aligarh, 
will be collected from a fallow field and passed through a 
course sieve (1mm pore size) to remove stone particles and 
debris, etc. Fifteen cm clay pots will be filled with 1kg of 
such soil and than will be autoclaved and used for the 
studies. However, for raising seedlings big pots will be used 
which will be filled with autoclaved soil-manure mixture 
having compost (@ 1g N/kg soil). For evaluating the efficacy 
of organic amendments in pots, chopped leaves or oilcakes of 
castor (R. communis), neem/margosa (Azadirachta indica Juss.), 
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bakain/persian lilac (Melia azedirach L.) @ 1g N/kg will be 
incorporated into 15 cm clay pots containing the autoclaved 
soil. These will be watered for ensuring proper decomposition 
of the additives, and after a awaiting period of one week, 
3--week--old seedlings of tomato will be transplanted singly to 
these pots. In case of okra (Abelmoschus esculentus Moench.) 
seeds will be directly sown. These seedlings will be inoculated 
with 5000 specimens of nematodes freshly isolated from pure 
cultures maintained in microplots or freshly hatched 2nd stage 
juveniles of the root-knot nematode. 
For intercropping experiments, the pots will be filled 
as described above, and then three-week-old seedlings of the 
test plants (e.g. tomato) will be transplanted singly to the 
centre of pots and seedling of Tagetes spp. will be trans-
planted equidistantly around the periphery, or mustard 
(Brassica spp.) seeds will be sown directly in place of 
Tagetes seedlings in the pots in the periphery. After 
emergence, the seedlings will be thinned and only 5 will be 
allowed to grow in one pot. Two days after transplantation 
the central seedlings will be inoculated with 5000 specimens 
of either of the test nematodes. Uninoculated pots will 
serve as control. There will be 5 replicates for each set. 
Recording of the data 
The experiments will be terminated after 2 months of 
inoculation. The plants will be thoroughly and gently washed 
with running water. The recording of the data will be done 
as under : 
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Plant growth : The length (in cm) and freshly/dry weights 
(in g) of shoots and roots will be taken separately. Before 
taking the fresh weight excess amount of water will be removed 
by putting the roots and shoots between blotting sheets. For 
determining dry weight, the shoots and roots will be dried in 
an oven running at 60 C for 48h. 
Root--knot development : The degree of root infection caused 
by the root-knot nematode will be assessed according to the 
rating scale of Taylor & Sasser (1978) as under. 
Gall index (GI) Number of galls 
or or 
Eggmass index (EMI) Eggmasses 
0 0 
1 1-2 
2 3 T 1 0 
3 11-30 
4 31-100 
6 > 100 
Soil population of nematodes : For determining the final 
population of the test nematodes, the soil from each treatment 
will be processed after the termination of experiment by 
using Cobb's sieving and decanting method followed by 
modified Baermann funnel technique (Southey, 1986), 
Number of nematodes in the suspension will be counted 
with the help of counting dish (Doncaster, 1962) and the 
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population per pot will be determined. Reproduction factor (R) 
will be calculated by the formula of Oostenbrink (1966): 
R = Pf/Pi 
(where, Pf represents the final population, and Pi represents 
the initial population of the nematodes). 
Statistical analysis : Statistical analysis of the data for 
critical difference (C,D.) at P = 0.05 and P = 0.01 shall be 
done as per procedure described by Pansey & Sukhatme (1978), 
FIELD EXPERIMENTS : 
A field will be selected having high population of 
plant-parasitic nematodes. It will be divided into two parts 
one part will have normal ploughing (10 cm deep) whereas the 
other part will have deep ploughing (20 cm deep). Both the 
parts will be divided into beds of 3^ 3 m size. One metre wide 
buffer zone will be left between the beds. These beds will 
receive following categories of treatments : 
i) Untreated (control) 
ii) Inorganic fertilizers 
iii) Nematicides + Inorganic fertilizers 
iv) Organic amendments 
In the first category there will be no treatment while 
in second category inorganic fertilizers in the form of urea 
(@ 110 kg N/ha), superphosphate (@ 55 kg P/ha) and murate of 
potash (@ 55 kg K/ha) will be added to the soil. In the 
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third category inorganic fertilizers (same rate as in the 
above treatment) and carbofuran/Furadan 3% (2,3--dihydro-2, 
2-dimethyl-7-benzofuranyl methylcarbamate) @ 10 kg a.i,/ha 
will be added to the soil. In the fourth category organic 
amendments such as neem and castor oil-cakes or their leaves 
shall be incorporated to the soil. In all these treatments 
the-dose will be 110kg N/ha, After treatment of the soil, 
proper watering will be done for ensuring decomposition of 
the additives. After a week of waiting period test crops, 
e.g,, potato, carrot, etc, shall be grown. Cultivation 
treatments like weeding, watering, etc. will be done as and 
when considered necessary. Soil sample will be taken at the 
time of sowing and harvesting from each bed with the help of 
a soil sampler. These samples will be collected in polythene 
bags and will be brought to the laboratory. Each soil sample 
will be mixed thoroughly and sub samples of 200g will be 
used for isolating the nematodes as per procedure describe 
above . 
For intercropping, the beds will be prepared in the 
same manure as describe above. Members of Cruciferae 
(e.g., mustard, rocket salad, etc.) and Compositae (e.g.,' 
Tagetes spp., sunflower, etc.) will be grown in beds in 
alternative rows with the test crops, e.g, potato, carrot, 
etc. Beds having single crop will serve as control. Beds 
with different treatments, each replicated three times, will 
be arranged in a random manner (Panse & Sukhatme, 1978). 
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Recording of the data for plant growth, root-knot 
development, nematode population and statistical analysis 
shall be done as describe above. 
For evaluating the combined efficacy of organic 
amendments and intercropping, the field will be prepared and 
treated with organic amendment in the same manner as 
described above. Then susceptible (e.g., potato, carrot, 
etc.) and enemy (e.g., mustard, rocket salad, marigold, etc.) 
crops will be grown singly or in different combinations on 
the same manner as described in the intercropping experiments 
above. Each treatments will be replicated three times and 
these will be arranged in a random manner (Panse & Sukhatme, 
1978). 
For the study of the residual effect of different 
treatments (e.g. organic amendments, etc.-) and different 
crops (in the intercropping experiment), the field will be 
prepared again keeping the original beds. These beds will be 
divided into two beds each. One part of the bed will receive 
no treatment while the second part will be treated with dry 
crop residues of the previous crop. All the beds will then 
be watered and after one week, seeds of okra (Abelmoschus 
esculantus Moench.) cv. Pusa Sawani will be sown. The 
experiment will be terminated after 3 months of sowing. Final 
data will be recorded in the same manner as described above. 
Chemical analysis 
After termination of the above experiments, samples of 
potato and carrot from each bed will be collected and dried in 
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an oven at 60°C after thorough washing in running water. 
These samples will be powdered in an electric grinder and 
sieved through 60 mesh sieve and used in the estimation of 
total carbohydrates as per the following procedure. 
Estimation of total carbohydrates : Carbohydrates will be 
extracted and estimated following the methods of Yih & Clark 
(1965) and Dubois gjt al_, (1956) respectively. 
For making the standard curve, 10mg of glucose (Analar) 
will be dissolved in 100ml of distilled water, and 1ml of this 
will be again diluted to 10ml. Different quantities of this 
solution viz., 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9 
and 1.0 ml will be transferred to test tubes and made upto 
1ml by adding distilled water. To these solutions, 1ml of 
5% phenol and 5ml of concentrated sulphuric acid (Analar) 
will be added. After 10 minutes the optical densities will 
be measured in Bauch & Lomb Spectronic-20 colorimeter at 
490nm against a reagent blank. Graph will be plotted between 
CD and different concentrations. 
For the estimation of total carbohydrates, 100mg dried 
sample of powdered roots will be boiled for 30 minutes in 5ml 
concentrated 1N sulphuric acid over water-bath and later 
centrifuged at 1000 rpra for 10 minutes. This filtrate and 
aquous filtrate, which will be obtained after washing with 
distilled water, will be mixed and made upto 100 ml by adding 
distilled water. To 1ml of this final solution, 1ml of 5% 
phenols and 5 ml concentrated H2S0^ will be added. Optical 
densities will be measured. Volumes will be calculated from 
the standard curve. 
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